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(57) Abstract: An electric-field 
controlling electrode (5) is formed 
between a gate electrode (2) and a 
drain electrode (3). A multilayer film 
composed of an SiN film (21) and an 
Si0 2 film (22) is formed under the 
electric-field controlling electrode (5). 
The SiN film (21) is so formed as to 
cover the surface of an AlGaN electron 
supply layer (13). 
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TCVD^CtDS i ONI*itfS i Nl§Mlfc^}:*^T, *9 

«lf*9»*«T©S i ON1H 2 0 0 nm£k±<Djmmii?&Z.£i>m 

2 o o nm<Dj$&j$mmmizttfe?zmmmi$it\t5 % (*)\,mm) 

-eftsnt^s, s iONi^v^i^, 5 %m±©^M/&Jt£T3;i 
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CKD^JSWc&^T, m%-Mffln®<D-tmt. 0.3/im^±tt§u<!:^ 
7 0 %^T^f^>o 

S i CN> S iOCN^<H^ViTfelVi, 
10 (B5<DMMM) 

S i C&£©£«1 0±i:M$n§.ltl 0_bfc:ki:¥^#JlJ&>£&£A* 
77711 1 ^M$tlT^5. CI ©A* y 77111 ItGaN^t^JH 
1 2«$nt^§, ?t^;H0±ICtt, A 1 GaNifft|&l l 3 at 

&S i OCjg|2 4TSfc>*lT33t), m^$!l^l«^5 ©fiTfcte d <£> S i OC 
12 4^^StlTV^„ 
£0 ±|EH J FETft, SXT<D&5\Z.mj&Znz>o *f S i C^£&£^t&U 

J; 5 ^bT,*«M^e>JlHtC, T> F-7°A 1 N^^§A'2/77i 1 1 OK 
JI20nm), T> F-7°OG aN^^^;UJi 1 2 (l&j? 2 nm), 7 > K — 
1 ,.,Ga,.,NA»6S:«A 1 GaNlfMi 1 3 (mm 2 5 nm) 
25 Sbfe^##:JB«JB**#&ns. 

1 GaNifMl 1 3±fc, «AtfT i / A 1 1zE<D&M*mmt 2>Z\ £ 
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IZ&Q, V-Atil*i«HK>ii3^jSU 6 5 OtU7--;P 
*ff "5 ^iaOt-Attii^.i^T^XYCVD^Cir) S i 
OC124 mm 2 0 0 nm) &EM£*r*. SiOCl2 4(D-g&£Xy^ 
>^Hi1-§^t}:<};oTiaiLfcA l GaNlfMIl 3±\zMZte 
Ni/Au^t*0^I$IfLT> >-a y h^r-iftfeC!)^- MIH 2 
U 5 fef^fS, £<2<fc5 ICbTK 5 fc^bfcH J F 

^m^m. ssmiss i ocmtvtcmm-v&z. s i oci« 
s i Nmt&mvTx huxm^ts<,mm&m< bx^AiGaNioif 

mRmfflmmiz&zmmnffivm'Mizj: xtn^^x&mw? %>„ z\<dm 
MM\z&\,m,nRmfflmm<D^rmt, oj/im^^ts^i^sK, 

bv^o ^^fc^tit, s i oc (s i ocH£«kfcrns*-&fc&sK 

BCB > y ^ n ^-r- >) , FSG(flouroSilicate glass:SiOF), 
HSQ (hydrogen-Si lsesquioxaneK MSQ(methyl-Si lsesquioxane) , U T 
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mii^mnrcmmx\t2mmmtvx^^o bmmromm^ommm 

m6T*tz. y-hit2t, s i ni 2 its i o 2 mmm^mm vxm 
mis, nftMwmms (DT^izfe, s i o 2 12 2mm<D?&— ommt, z\ 

©M^ckD ymizQLWtZ, SiNl21±CSi0 2 l2 2#8t 

sy- hmm tmiLvxmmr^ z\t&»smx$> 
jiiT) mm<Di&T%ttifflx%z> 0 t£&, *mMMx<Dmmm<Dmf&x 

s i Niiis i o 2 j^j;d b t<D®mmzmnx& 
&>t, *mmmizmz>H j fet©®^^^ 1^x132 4-27 §#m 

(Molecular Beam Epi taxy:MBE) J; o T¥i#:^^$t§ 4 ^tlfc 
cfcD, S^#I^e,JlS(c 7>F-^AlN^^§/t777il 1 (Jg|J^ 
20nmK 7>H-^©GaN^t^Hl 2 (Hl2tfm) 1 7>H-7*A1 
uGa,,N^^§A 1 GaNlfMH 3 mm 2 5 nm) ^«Jf Lfc 

(02 4 (a)), 

X{f^^i/t;mi©-g^GaNft^Hl 2rf>*iiffiirS 

STx^^>^^ra^it e tD,m^r B i^ii^^(^Ei^)^^^-r^ 0 

m*XA 1 GaNm^^^Ji 13±C, M^.«T i /A 1 &£©£JH£^ 
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^^'^^ V^«tl*<fc^Hl/'f>il3^^l /> 6 5 OtT 
T--;U£fr ^-^{CiD^-Att^ilj^^^ (S24 (b))„ m^xy^ 
XYCVD^fciD, S i Njg|2 1 mm5 0 nm) (02 5 

(c))oOO^TS i NJ^2 l©-^X^>^ISt5^(:a:oTA 
1 GaNifftl&il 3©Sm-r^§gp^^^tj-§ (0 2 5 (d)) B ZLOfM 
un>*M#)Z>&5\zmWL§:m\Z, ^JEECVDfe^{cd;D, S i0 2 l22 (M 
mi 5 0 nm) (0 2 6 (e)) c ^CS i 0 2 12 2 <D-£B£x 

^>^n^ia oTA 1 GaNtfMil 3©Hfct}-«r<5Mn 
(02 6 (f )) ^r(D^ mmVfcA 1 GaNlfMIl 3 ± 
fc, 7*M/^Xh3 O^ffl^TNi/Au^i:0y-I>^l3 

(0 2 7 ( g ) , (h))„ Z.<D<ko 4 t^LfcH J FETMn, 

M&mvrc&, m*<Di:m (7* b uvx b 3 0 *&mM&mm~?z>mzm 

*#*K:«E<»rt-rsc:t3&«iir«Bi:ja:* - 
(£!7©5!Jg0tJ) 

H7tt, ^0^0HJFET©i®iI^f o uCDHJFETtt, 
1 2^$ni^5, A 1 GaNifMSl 3^ 
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£©H J FETtt, S i Cfc£©aMRl 0±te»fifc*n*. y-*Ml 
& £tf H >li 3 fit, ftnetiG aN3>^Ml4 © ± ic » * a n 

E©A* 7rll UCGaNft^il 2 #*a3*iTV»*. rP* 
S ® ±(:ft A 1 GaNifMil 3«i»*3snTH*. 

&n&y-xM i ^.trx h >«« 3 msnT^*. y-xti 1 

£\*U^>nm3<D®<Dn>?2 M$-«^UlffiLfeA IGaNi 

StlTt**. if MI 1 3<DmmtS i N12 lTgtotlT^O, $e>fC 
■e©±»fcttS i 0,12 2m5nTV»«. f0SiO 2 2 2I 
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n % fttfmtt %fz®, nftmmmm5 <Dmmt$>iD^, ^^mnt^nnm 
zwmmmz&^T, mRM'fflmmv^mz. o.zumw,±fr^z.tH)i 

&mMffl~e}Zn^i&mm 1 3±{CiS^-S^M^S i Ng|2 its 

mtx*. mom^m^rcm^LvrctM^iz^xhmm^m^r^o 

m 9 §#MbTi^igf -So 

z.(dh j FETtt Si c&£©»«i o±(«$n§. y-xiii 
&£«^F W >ft@ 3 te, ftl^nG aNn>^i7Mi4 ©±^^^$n 

jiwj:^^, a i g aNm^m^mi 3M^m^nx^^> 0 com^m^m 
e>n*i v-xim i & £o? f w 3 a*«w-snTv>*. y-^«* 1 

t F W >««3©M©3>** h U SfflbfeA IGaNI 
e>nT^So ^H^®«S i ON^2 3TMfetlT^0, CODS i ON$|2 
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y-T KUirX^titO^fflfcj;^ ^-h«@2 F W >$!!$»©« 

^©^JSMcDS i ONltt, JBUfsptftl. 6 5Pi±2. 0 5RTCKSHI: 
:0ilit:fe^T, *#m«l«ffi©Tl*Stt, 0.3/zmPi±tna^ 

*^m^!it«^,#m«^^^s ioni2 3 ti^^ mmmsiz 

R*«* < MII1-««Ki»t» t) , Jff * K It l 5 OnmHTttSWAt* 
(110 ©HflStfiJ) 

T> H10S#IlT»it«. 

CO*HKIlc*V»T, «*ffl*IM©Tj-&tt, 0.3/imPi±it5ui^ 
$f*LVi 0 $S{:$fJL<}io.5MmK±tt§ 0 ifc, «*«*«*©« 



WO 2004/061978 ^ ^ PCT/JP2003/016033 

28 

(mil 

S i C&£<£gl£i o±^^^$n^„s^i o±tc^^s#s^e.^^n 

1 2^^^^^ lTVi § 0 ^^^;|/M(D±fc«, A 1 GaNtfMI 13^t 
ft£^-h1|^2^I£tt£>*iTV>£o GaN^t^il 5<DmmtS i N 

J^2 lti^nt*^ -$t>iz^(D±miztes 10^2 2&mvt>nT^ 
mmm35&z$*mMM\z&z g a v ^momm^m^z^ x> , 

-©^^Jfc^^T, 0.3^m«±tt5^t^ 

tz&. ^mmmx^tm^mmm 1 3±t^^^^M^s i n$|2 i ts 
i o 2 i2 2<Dmmm<Dm**<vrctf, mm^mmm 2 ^mmm e \zmmv 
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So 

(mi 2(Dmmm) 

mi 2t&z.<D9mm<DHj FET<Dmmmm*mT. c©h j fet«, 

0 1 1 A 1 GaNifMil 3©±KGaN*ty^il 5 *tj* 

1 5©^®«S i ONJI2 3T«fetlT^0, m#0J^I«@5CDitTfc«il 
©S i ONI2 3^(t^tlT^S. 

C « 4 O*»«Tf**#0I±«fc G a N + 1 y «Jg A) 

KM* J: £ GaN^ty 7*<z>ttftfMl fc ± D , «n&y 

:©iIiOSiONl(t f!*f*#Kl. 6 5^±2. 0 5KT©«Bfc 

zcDmmmz&^T, nRmwmmo^mz, o.3 Wm «±tt§rt^ 

0 %^Tit§. 

fc*, MMffTttlllOKlttS iONi2 3 tU&jjJ, MM SIC 
#T&S„ 
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(mi 3(Dmmm) 

mi sttcoAiMoH j FETvmmmm&Tjk? . ^hjfeth 

S i C& 1 0 ±fc}|Ji!5Sns. 1 0 ±f:}i^fi^^§ A ' 

5 1 2^^^$nTVi§ 0 ^^^;1/«©±(C«, A 1 GaNlfftJ&l 1 3^* 

n&y-Mt2^KW5nt^S. GaN^t7/il 5 0tI«S i O 
10 CI2 4 7fBfotiT*l3, «^«9ffll*a5 ©fiTfcttHCOS i OC]g|2 4 

CKD^MfCcfe^T, «JMaf»Sffi©7m«» 0.3/im&±t'T2>Z\trf 

20 fcjf*KH:i!Mlllii©fft*y- F l^r >«®<£>p B 1PScD 7 

(ill 4<D^J£^J) 

01 4»roj«i«oHj fet ©«ra*at*jR-r. zommm*. 

©3fc*«©n>^* M57>H-yA IGaNiU i#W«I§3> 

^ HJp ETtt, si cft^oisi o±fcHMfc£n*. sn o jiic 

ICGaNff^H 1 2«^tlT^§„ ^^Wf ©JiKlfc^ A 1 G 
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AlGaNIie^O, 7>K-^A IGaNIl 6K»lTt-Att» 

HK>ti30W©7>H-^A 1 GaNit-«»4U Sffi 
bfeA 1 G a Nfc^&J&S 1 3 HiLT'>a y H * — 5 nfc£* 

-h«*2#«ft&nTlr>S. St^|£M«S i Nil 2 lT«frnT&D, £ 
6fc*©±»fcttS i 0,12 2*t«W5nT^*.$6fcc:©S i0 2 l± 
£tt«JMNffM 5 MRttSnxi**. fccfe, £<Z>*JM*f 
iii5S7>H-yAl GaNil 6l:twt-7^t5i^tLx 

-©ilWtfe^TH n>^^ hS^ T >F-ycDA 1 GaNi^§ 

TL&V> 0 Jin^cfcO, ttjfflfffMtfA 1 GaNH^f^Jia®©*^ 
H©^i£MTfc£T> F~:/A 1 GaNll 6ftn>^/7 hSibT 
5 ft F V* >*fc#«Lfc»^ Mi2 3£*®«JM|rfi 

T>F-yA 1 GaNil 6^ftt§ fe& , £ 5 bfc F K 3 ©56 

(^1 5 ©HSg^J) 

£©HS#IMte, S§9 ©IHJg0iJ©3>^>>7 MS7>K-^A 1 GaNtL, 
HI 5tt, :©j«t«|©HJ FET©|fMil^^t 0 r(DHJ FETS, 
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1 2 ;W/&£*ITV>3 0 A 1 G a N^^#$j&/f 1 3 & 

^StlTlr^. ^Olfil&Il 3±C7> H-T'A 1 GaNll 6 
tK 7>H-^A 1 GaNll 6 \Z& Itt- A&jgfeftj&t £ S fttc V-XS 

3©W©r>H-y A ! GaNi^-M^b, IffiLfcA 1 GaNtfft 
TV ^« *^®ttS iON!2 3TMt»nT^f9, uOSiONl23± 

izm^mmmm 5 htt2 1 h w >«® 3 toMiitstm^. 

J!Oi#Wil5^7>H-^A 1 GaNll 6 iZ^-A-^ y y 
^WJt^^TH 3>** M^7>H-7 8 OA 1 GaNTO§ 

rc®, ^umnmtny? $ hm<Dm^(Dmftm*\zm^fr-x:&z>o z.<d 

So 

Sfc, d©^ifi^lT«T> K-^A lGaN|16$3>^^Mtbx 

7>H-^A 1 GaNll 6 a»*hfiET*fc«>, C3bfcHK>ll30fi 
(11 6 (DmMM) 

zvnmmfe.mi o<DnmM<Dn>?? m*7>k-^a i GaNt 
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m i 6 zommrnvH j f ET^mmmm^^To :®h jfetii 

1 2«$tlt^§„ ^^^;V®©±(C«, A 1 GaNffMH 3^' 
5 W^ntl^. ^WMII 3±iC7>H-^AlGaNI16^^ 
T>H-^A 1 GaNll 6 £tlfcV-Xii 

3©F B lOT>K-yA 1 GaNJI^-gPI^U iffiLfcA 1 GaNifi 

10 ^^®«S IOC12 4TIfcnT^f), £<Z) S i OCJ^_hfc« 

1 GaNil 6(lt-A'«-7^t§i^i:LTfe^^ 0 

*#M^I«M^3>^^ hA©WT©«J|^*ratt^-efc£ 0 Z.(D 

tvu^o ^ n ct 0 , m#aij^«@*tA 1 g aNtfMisiojcai^ 

So 

^CD^ii^JT«T> F~t7°A 1 GaNll 6^3>^^MtLT 

m&mwmm 5§hk >#j{c#sbfc«^, his 2 ^©h^mh* 

7>H-^AlGaNIl 6 rf^^T 3 £ 5 Lfc F K 3 GDjfi 

25 &lZ&tf%mRM**®%:&)lZMm?2>Z.£&-T?ZZ >0 

&±m^fcmMM 14-16 £&^T, 7>F-^AlGaN116^i 
ZfA 1 GaNt^H 3 <Dy;i^I/&©^teftJcT&<E> 0 ^tl^T 
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iUc ^ *77-f7§©i(DSl WS ^, GaN, AlGaNI© 
III ^^%¥^#S^^ffl^Tfe^^ 0 

«« WfgT » § . fc t tf G a N ^ ^ s i 2 © ±« £ tf T * < Tff te fe A 

******* mmm^m^i,rc%(Dizm&nr. 
^ 0 en re*?, n^mmmmcD^mtmm^xmnrc^hm^m^n 
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ft 5£ <D i§ ffl 

3. m$tmi &rz}Z2iz$m<DnR%)% : b5>z?x?\z&^T. 
mmm—<Dmmm& 1 5 o nm^TT^sii^^ntt^i^ i. 

5 . m&m 1 7bM4(D^rn^\z$m<Dm^mm b ? >v**\z%>^-^ 

6 . m&m 1 urn 5 ©^Tn^fcf3m<Dm#^m h ?>vxtnz&^T, 
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i o. ^p^^tr in i£mt;#i¥##:JHiji£, 
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mmmmmtz 

mm h k >mmmz^ u n >&*.&&m*mj&7tx£\sT*tmm# 
»fc * D«**nTn« c tswitts was* h 7>5?^^. 

1 1. m*mi otec«©«»as*h^>^^fc*^T, SufB^Mm© 

12. ^um&&^& inm^ikM^Mfcmmmt, 

tufBy- hmstt&fB h k >tiiowofi«i:*^T, mm in 

MfB III i n x G ai _ x N (O^x^l) 6 

WftUWitfAl^a,.^ (0<y^l) fr&frznwtoM 

i 4. m^mubmi 3\,*?nfr\zmm<DnR$bMb?>i?x?\z&\,*T, 
1 5. m*mi 4fcE«©ijjia*h7>^^fc*^T, 
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